Introduction
Species of Onobrychis Adans. (sainfoin) are economically important plants that are grown to produce high-protein fodder for many animals. They play an important role in the soil environment by increasing the nutritive value of drought-resistant pasture (Abou-El-Enain, 2002; . About 170 species of Onobrychis are distributed around the world. They occupy a wide area ranging from the territories near the Baltic Sea to the Mediterranean region to the south, as well as far western Asia and Siberia to the east. The diversity and concentration of these species are high in the AnatoliaIran-Caucasia region. In Turkey, 54 species of Onobrychis are noted, representing 5 sections. Half of them (50%) are endemic to this area (Aktoklu, 2001) .
Taxonomically, Onobrychis is a critical genus. The most complex issues faced by botanists are those experienced in Anatolia, one of the main centres of the genus (Hedge, 1970; Sepet et al., 2011) . The genus consists of 2 subgenera [Onobrychis and Sisyrosema (Bunge) Grossh.] and 5 different sections (Dendobrychis DC., Laphobrychis Hand.-Mazz., Onobrychis, Hymenobrychis DC., and Heliobrychis Bunge). The most complex taxa are found in the section Onobrychis.
Pollen morphology of the numerous genera of Fabaceae is of great taxonomic value (Erdtman, 1969; Melhem, 1971; Ohashi, 1971; Pire, 1974; Perveen & Qasier, 1998; Pavlova & Manova, 2000; Pınar et al., 2000) . Pollen grains of Onobrychis have also attracted a lot of attention. The pollen has been treated as a single pollen type (the Onobrychis type) by Faegri (1956) , Faegri and Iversen (1989) , and Moore et al. (1991) based on the 3 apertures and the reticulate (suprareticulate) ornamentation of the exine. Perveen and Qaiser (1998) Pavlova and Manova (2000) . They placed these taxa into subtypes II and III based on pollen size, shape in polar and equatorial views, and ornamentation. Amirabadizadeh et al. (2009) So far, there has not been a detailed study on the pollen morphology of Turkish taxa of Onobrychis. In this study, the size, structure of exine, and sculpture of pollen of 20 taxa occurring in Turkey, representing 5 sections, are investigated and their taxonomic value is tested.
Materials and methods
Seeds were collected from the natural stands of Turkey and were sown in test plots at the Faculty of Agriculture of Ankara University, Turkey. Pollen samples were taken from plants grown in this field (Table 1) . Pollen slides were prepared using the technique of Wodehouse (1935) . LM studies were performed using a Nikon E600 microscope. The measurements were based on 20 or more pollen grains for each taxon. For SEM, dry pollen grains were mounted on stubs and coated with gold (Bona, 2013; Büyükkartal et al., 2013) . Morphological observations were conducted using an LEO 438 VP scanning electron microscope. The palynological terminology used in the description of pollen follows that of Faegri and Iversen (1989) , Punt et al. (1994 Punt et al. ( , 2007 , Güner et al. (2011), and Akyalçın et al. (2011) . The class of pollen shape, based partly on P/E ratio, was identified using Erdtman's (1969) system (Table 2) .
Numerical analysis
The Simpson and Roe graphical test (van der Pluym & Hideux, 1997) was used for statistical calculations. Coefficient of correlations of pollen characters of the taxa were determined, and their grouping was performed using the clustering analysis method [unweighted pair group method with arithmetic mean (UPGMA), dissimilarity, standardised variable] as well as ordination based on principal component analysis (PCA). Three palynological characters (consisting of binary nominals) were selected to distinguish the 20 taxa (operational taxonomic units) of the genus Onobrychis (Table 2) . A primary mixed data matrix was created for the 20 taxa (operational taxonomic units) and 3 binary nominal characters. Because the Jaccard (1908) coefficient is the most widely used measure for binary data, this coefficient was used to calculate the distance between the data (Sokal & Sneath, 1963) . UPGMA was selected because it is the most commonly used method (Mohammadi & Prasanna, 2003) , and it has advantages over other methods in accurate reflection of the similarity matrix as measured by the co-phenetic correlation coefficient of Sokal and Rohlf (1962) , symmetrical hierarchical structure [the "structural value" concept of McNeill (1979) ], and congruence with classification derived by traditional methods (Ward, 1993) . All computations were performed using the MVSP 3.21 statistical program.
Results

Size, symmetry, and shape
The pollen grains are radially symmetrical and isopolar. The shape is generally prolate [the term according to Erdtman (1969) based on the P/E ratio ( 
Apertures
Pollen grains of Onobrychis are tricolpate. Colpus is covered by series of granules, more or less permanent, forming some kind of operculum. Colpus is short or long (19.4-32.2 µm) and narrow or broad (1.4-4 µm). The margins are distinct, shallow or deep, and both ends are acute (Table 2; Figures 3-8) .
Exine
The stratified exine has an overall thickness that ranges from 0.8 to 2.1 µm. The ectexine is thicker than the endexine. The infratectum is composed of unbranched columellae. The tectum is semitectate and thinner than the columellae layer. The exine is reticulate. The lumina exhibited 2 different size distributions. In the first, the lumina are almost equal in size and shape in the intercolpium (0.7-0.9 µm in diameter) and were found to have the following taxon-specific characteristics: sharp decrease in size at the margin of the colpi (Onobrychis cornuta in section Dendobrychis), increase in size at the extreme margin of the colpi (Onobrychis aequidentata in section Laphobrychis), suprareticulate in section Onobrychis, and microreticulate. In the second size distribution, the lumina are almost equal in size and shape in the intercolpium (0.15-0.35 µm in diameter) and exhibited the following taxon-specific characteristics: sharp decrease in size at the margin of the colpi, or increase in size at the extreme margin of the colpi in section Heliobrychis. The intine thickness is 0.25-0.6 µm ( Table 2 ; Figures 7-8 ).
Discussion
The results of our investigation show that the pollen dimensions (E and P/E ratio), the thickness of the exine and intine, the shape of the polar and equatorial views, and the aperture type of the Turkish representatives of Onobrychis were comparatively homogeneous (Table 2; Figure 1 ). Ohashi (1971) , Ferguson and Skvarla (1981) , Faegri and Iversen (1989) , Moore et al. (1991) , Pavlova and Manova (2000) , and Ghanavati and Amirabadizadeh (2012) confirmed that the pollen morphologies of the different sections of Onobrychis are essentially the same.
Cytological examinations have shown that Onobrychis species have 7 or 8 chromosomes and 3 ploidy levels (2n = 2x = 14, 2n = 4x = 28, 2n = 8x = 56 and 2n = 2x = 16, 2n = 4x = 32) (Bolkhovskikh et al., 1969; Löve, 1972 Löve, , 1976 Abou-El-Enain, 2002; Sepet et al., 2011) . Chatuverdi et al. (1990 ), Brochman (1992 , and Martonfi (1997) reported that pollen grain size strongly correlates with the level of polyploidy. In this study, the relationship between ploidy level or chromosome number and pollen size at the taxon level in the genus Onobrychis is demonstrated statistically; higher ploidy levels correspond to an increase in pollen grain size (Table 2; Figure 1 ). The sections can be identified by the sculpturing types of the species. SEM analysis revealed 3 types of sculpturing in the taxa: reticulate (Onobrychis cornuta and Onobrychis aequidentata), suprareticulate (only section Onobrychis), and microreticulate (sections Hymenobrychis and Heliobrychis). Perveen and Qaiser (1998) reported that the ornamentation, in particular the shape and size of the muri and lumina, is an important character for Fabaceae. A sharp decrease in size at the margin of the colpi (Onobrychis cornuta in section Dendobrychis) is found in the reticulate ornamentation, whereas an increase at the extreme margin of the colpi (Onobrychis aequidentata in section Laphobrychis) is observed in the reticulate ornamentation. Microreticulate ornamentation is observed in section Hymenobrychis; it sharply decreased in size at the margin of the colpi and increased at the extreme margin of the colpi. The pollen of Onobrychis has been classified as a single pollen type (the Onobrychis type) by Faegri (1956) , Faegri and Iversen (1989) , and Moore et al. (1991) ; this pollen type is the Onobrychis stewartii type of Perveen and Qaiser (1998) . We classified the Onobrychis taxa as the Ghanavati and Amirabadizadeh (2012) type.
Cluster analysis divided the taxa into 3 groups: clusters A, B, and C. Cluster A was divided into 2 subgroups: A1 (Figure 2 ).
